Introduction {#j_hukin-2019-0081_s_001}
============

Taekwondo is an official Olympic sport since 2000. Today, taekwondo is one of the most systematic and scientific Korean traditional martial arts ([@j_hukin-2019-0081_ref_037]). From a physical fitness standpoint, aerobic and anaerobic power, muscular strength and power, flexibility, speed, and agility represent key components in taekwondo athletes, which are associated with sporting success ([@j_hukin-2019-0081_ref_006]; [@j_hukin-2019-0081_ref_009]). In particular, taekwondo athletes should acquire high peak anaerobic power, especially in the lower limbs, to perform many sequences of fast and powerful attacks and counter-attacks ([@j_hukin-2019-0081_ref_005]), with short (incomplete) recovery periods ([@j_hukin-2019-0081_ref_006]). In this context, [@j_hukin-2019-0081_ref_006] have reported that these attributes appear to be conducive to achieving success in international competition. Recently, several taekwondo-related studies have focused on the development of sport-specific tests that meet the particular demands of the discipline ([@j_hukin-2019-0081_ref_001]; [@j_hukin-2019-0081_ref_009]; [@j_hukin-2019-0081_ref_031],[@j_hukin-2019-0081_ref_032]; [@j_hukin-2019-0081_ref_036]). Against this background and as part of the assessment of anaerobic power in taekwondo athletes, [@j_hukin-2019-0081_ref_036] recently studied the reliability and criterion validity of the Taekwondo Anaerobic Intermittent Kick Test (TAIKT). The same authors reported that TAIKT's performance characteristics and physiological strain were comparable to an authentic taekwondo match. In fact, the TAIKT was designed to evaluate anaerobic power, while determining absolute and relative peak power (Ppeak) and mean power (Pmean), as well as the fatigue index (FI). Based on the study results of [@j_hukin-2019-0081_ref_036], the TAIKT presented good absolute (i.e., the standard error of measurement (SEM) was relatively \"low\", the smallest worthwhile change (SWC) was slightly higher than SEM, thereby demonstrating that the ability of the TAIKT to detect a change was rated as \"good\") and relative (i.e., intraclass correlation coefficient (ICC) between the test and retest was \>0.90) reliability. Moreover, the TAIKT showed clear and good criterion (concurrent) validity when compared with the Running-based Anaerobic Sprint Test ([@j_hukin-2019-0081_ref_036]). In view of these results, [@j_hukin-2019-0081_ref_036] reported that the advantage of using the TAIKT to measure the anaerobic power of taekwondo athletes was that it allowed the execution of movements more specific to taekwondo, such as kicking as their principal technique during the attack and counterattack sequences (i.e., high-intensity intermittent kick techniques). Similarly, [@j_hukin-2019-0081_ref_006] affirmed that taekwondo athletes should have high anaerobic capabilities to effectively manage the energy needs of combat.

The 30-s Wingate anaerobic test (WAnT) has been shown to be a valid and reliable tool for the assessment of anaerobic power and functional performance of elite athletes ([@j_hukin-2019-0081_ref_003]). Furthermore, this test is the most common method for assessing maximal anaerobic power and capacity among taekwondo athletes ([@j_hukin-2019-0081_ref_006]). However, to date, data related to Ppeak and Pmean of Tunisian elite taekwondo athletes using the WAnT are still missing. Likewise, jumping tests (e.g., Abalakov, squat jump (SJ), countermovement jump (CMJ)) are generally used to evaluate lower limb anaerobic (mechanical) power amongst taekwondo athletes ([@j_hukin-2019-0081_ref_006]; [@j_hukin-2019-0081_ref_009]). Indeed, significant correlations have been reported between jumping tests (e.g., SJ, CMJ) and taekwondo kick performances (e.g., frequency, force, velocity and power of kicks) ([@j_hukin-2019-0081_ref_031]; [@j_hukin-2019-0081_ref_034]). In view of the above considerations, the need to verify the validity of this test with the \"Gold-Standard\" is necessary for its credibility. In this context, [@j_hukin-2019-0081_ref_022] indicated that any test should respond to the reliability, validity and sensitivity standard criteria to be scientifically approved. Therefore, this study aimed at examining the validity of the TAIKT compared with the WAnT, SJ and CMJ tests, and to show whether this taekwondo specific test would be sensitive and allow to discriminate between elite taekwondo athletes of different competitive levels (i.e., elite and sub-elite). We hypothesized that: i) the WAnT, SJ and CMJ tests would show good reliability among taekwondo athletes, ii) large correlations would be evident between TAIKT and WAnT, SJ, and CMJ variables, and iii) the TAIKT would be able to distinguish between elite and sub-elite Taekwondo athletes.

Methods {#j_hukin-2019-0081_s_002}
=======

Participants {#j_hukin-2019-0081_s_002_s_001}
------------

Twenty taekwondo athletes including 15 males and 5 females, members of the Tunisian Taekwondo national team volunteered for this study ([Table 1](#j_hukin-2019-0081_tab_001){ref-type="table"}). They had 8.1 ± 2.7 (mean ± SD) years of taekwondo training experience. Additionally, they were regularly competing at a national level for \>6 years and international level for \>2 years. They were engaged in nine training sessions weekly with two hours each. The experiment was conducted during the competitive phase of the taekwondo season of the year 2017. Eighteen athletes (14 males and 4 females) out of the total sample participated in the reliability analyses of the WAnT ([Table 1](#j_hukin-2019-0081_tab_001){ref-type="table"}), and sixteen (13 males and 3 females) of the total sample participated in the reliability analyses of SJ and CMJ tests ([Table 1](#j_hukin-2019-0081_tab_001){ref-type="table"}). Based on their international and national taekwondo records (i.e., medal winners), 10 athletes were included in the elite (8 males and 2 females) and 9 athletes in the sub-elite (7 males and 2 females) subgroups, respectively ([Table 1](#j_hukin-2019-0081_tab_001){ref-type="table"}). It is noteworthy that one female from the elite group was randomly excluded to make an equal number of female athletes between the two groups. After a detailed explanation of the experimental protocol, all athletes/legal representatives gave written consent to participate in this study. The study was conducted in accordance with the Declaration of Helsinki and the protocol was fully approved by the Ethics Committee of the National Center of Medicine and Sciences in Sport of Tunisia before the start of the assessments.

###### 

Characteristics of athletes participating in the different parts of the study

  Parts study of the                                Participants (n)      Age (year)    Height (cm)    BM (kg)      BMI (kg·m^-2^)   BF (%)
  ------------------------------------------------- --------------------- ------------- -------------- ------------ ---------------- ------------
  Validity of the TAIKT with the WAnt, SJ and CMJ   \[15M\]               17.5 ± 0.6    179.7 ± 7.5    64.1 ± 7.6   20 ± 0.4         8 ± 1.7
  20                                                                                                                                 
  \[5F\]                                            17.6 ± 0.5            163.2 ± 3.9   52.3 ± 4.6     19.7 ± 1.9   17.5 ± 2.67      
  WAnT reliability                                  18 \[14M, 4F\]        17.4 ± 0.6    175.4 ± 9.1    61.3 ± 8.2   20 ± 2.3         10.2 ± 4.6
  SJ and CMJ reliability                            16 \[13M, 3F\]        17.4 ± 0.6    176.9 ± 8.4    61.7 ± 8.6   19.8 ± 2.4       9.7 ± 3.8
  Discriminant validity of the TAIKT                10 \[8M, Elite 2F\]   17.7 ± 0.7    179.1 ± 10.5   66 ± 8.8     20.8 ± 2.7       10.2 ± 4.4
  9 \[7Sub-M, 2elite F\]                            17.3 ± 0.5            172.4 ± 8.9   56.4 ± 5.6     19 ± 1.4     9.6 ± 4.4        

Values are presented as mean ± standard deviation. TAIKT, Taekwondo Anaerobic Intermittent Kick Test; WAnT, 30-s Wingate anaerobic test; SJ, squat jump; CMJ, countermovement jump; M, male; F, female; BM, body mass; BMI, body mass index; BF, body fat

Design and Procedures {#j_hukin-2019-0081_s_002_s_002}
---------------------

The TAIKT is a sport-specific field test designed to evaluate P~peak~, P~mean~, and FI based on the number of recorded kicks with an electronic body protector. The TAIKT was performed by elite and sub-elite taekwondo athletes to establish its discriminative ability. The reliability of the undertaken tests was established by means of test-retest trials separated by one week. Anthropometrical measurements were taken for each participant three days before the start of the experiment. All testing sessions were conducted indoors at the same time of day (i.e., between 4 pm and 6 pm), and under the same environmental conditions (i.e., temperature 25°C and 63% humidity) in randomized and counterbalanced order. Tests were preceded by a 15-min standardized warm-up that included jogging, squatting, jumping, and stretching for the SJ and CMJ, and a specific warm-up for the WAnT and TAIKT. The heart rate (HR) was measured every 5 s during each test (Polar Electro Oy, T61-coded, Hungary). The blood lactate concentration \[La־\] was recorded using the Lactate Pro Analyzer (Arkray, Tokyo, Japan) 3 min post-test. The rating of perceived exertion (RPE) was recorded immediately after the end of each test (i.e., WAnT and TAIKT) using the 15-point scale, which ranged from 6 (very, very light) to 20 (very, very hard). Verbal encouragement was consistently given to all participants throughout the tests. Participants were instructed to refrain from any strenuous physical effort 24 h before testing and to avoid eating at least three hours before each testing session.

Taekwondo Anaerobic Intermittent Kick Test (TAIKT) {#j_hukin-2019-0081_s_002_s_003}
--------------------------------------------------

As previously described by [@j_hukin-2019-0081_ref_036], the TAIKT protocol required the athlete to undertake the maximal number of stationary roundhouse kicks (named \"Bandal-Tchagui\") after the sound signal, alternating right and left legs, during six sets of 5 s, interspersed with 10 s active recovery (i.e., bouncing movements) between each set. The total time for kicks execution during the TAIKT was 30 s. The kicks were executed on an electronic body protector (TK-Strike Protector, Daedo, Barcelona, Spain) placed around a hanging punching bag, which was stabilized by one of the researchers. The number of kicks was automatically displayed on the computer screen after each kicking set. TAIKT performances were expressed as absolute (W) and relative (W·kg^-0.67^) P~peakTAIKT~ and P~meanTAIKT~, and absolute (W) FI~TAIKT~.

30-s Wingate Anaerobic Test (WAnT) {#j_hukin-2019-0081_s_002_s_004}
----------------------------------

The WAnT is a 30-s cycle-ergometer test developed to evaluate an individual's power output ([@j_hukin-2019-0081_ref_016]). The test was conducted on a friction belt cycle ergometer (Monark 894 E Peak Bike, Weight Ergometer, Vansbro, Sweden, Software version 2.22) with a basket weight loading system interfaced to a microcomputer and fitted with toe clips and heel straps, and individually adjusted for saddle height. Participants had been familiarized with the test protocol on separate occasions prior to collection of definitive data; they performed high-velocity sprint exercises interspersed with 3 min of rest intervals, so as to minimize continued test learning during the definitive experiment ([@j_hukin-2019-0081_ref_002]). Optimal saddle and handlebar positioning was determined for each subject prior to their first test, and the same placement was used in subsequent tests. Toe clips were used throughout ([@j_hukin-2019-0081_ref_002]). The test was preceded by a standardized warm-up ([@j_hukin-2019-0081_ref_002]; [@j_hukin-2019-0081_ref_019]) that consisted of alternating three 30-s bouts of exercise at increasing external resistance (25, 50, and 75% of the definitive test loading, respectively) and three 30-s periods of active rest (zero-resistance pedalling at 60 rpm). The WAnT commenced from a rolling start against minimal resistance and was performed against a constant resistance (7.5% of the participant's body mass) ([@j_hukin-2019-0081_ref_002]; [@j_hukin-2019-0081_ref_003]; [@j_hukin-2019-0081_ref_019]). During the test, participants were instructed to maximally accelerate from a seated posture to avoid the effect of postural changes and to pedal at the maximal effort. All participants were strongly and consistently encouraged throughout the test. Three indices of anaerobic performance expressed as P~picWAnT~ (highest 5-s output), P~meanWAnT~ (average power throughout the test), and FI~WAnT~ (decrease in power output from P~picWAnT~ to minimal power output P~minWAnT~) were calculated according to accepted procedures ([@j_hukin-2019-0081_ref_003]), P~picWAnT~ and P~meanWAnT~ being expressed as absolute values (watts) and relative to the 0.67^th^ power of body mass (W·kg^-0.67^) ([@j_hukin-2019-0081_ref_019]).

Vertical jumping tests {#j_hukin-2019-0081_s_002_s_005}
----------------------

The jump tests consisted of two vertical jumps (i.e., SJ and CMJ). Before starting the jump tests, participants performed a 15-min standardized warm-up that included accelerations, jumping ([@j_hukin-2019-0081_ref_011]) and dynamic stretching ([@j_hukin-2019-0081_ref_012]). A 5-min rest period was provided before starting the tests ([@j_hukin-2019-0081_ref_011]). For each jump test, three trials were performed, with \~60 s of rest in-between. The best trial was recorded for further analysis. A 3-min rest period was provided between tests (SJ and CMJ) to avoid any fatigue effect. During the SJ as CMJ, hands were kept akimbo to avoid any influence of upper limbs motion on jump performance. Jump performances were assessed with an infrared jump system (Optojump Next instrument, Version 1.3.20.0, Microgate, Bolzano, Italy) interfaced with a microcomputer. This system was developed to measure the flight and ground contact times with 10^--3^ s precision, from which the jump height was calculated.

Statistical Analyses {#j_hukin-2019-0081_s_002_s_006}
--------------------

Two statistical software packages, SPSS 20 (for Windows, Inc., Chicago, IL) and MedCalc (Version 14.8-©1993-2014 medCalc Software bvba), were used for data analyses. Data are presented as mean and standard deviation (mean ± SD). After normal distribution was examined using the Kolmogorov-Smirnov test, a paired Student *t*-test was used to compare values between the test and retest. An unpaired Student *t*-test was used to compare performances of elite and sub-elite subgroups. Relative reliability was assessed using the intraclass correlation coefficient (ICC) between the test and retest. An ICC \< 0.40 was considered low; between 0.40 and 0.70 acceptable; between 0.70 and 0.90 good and \>0.90 excellent ([@j_hukin-2019-0081_ref_022]). Absolute reliability was analysed by calculating the standard error of measurement (SEM) as follows: SEM = SD × √1 ˗ ICC ([@j_hukin-2019-0081_ref_035]). The usefulness of the test was assessed by calculating the smallest worthwhile change (SWC) as: SWC = 0.2 multiplied by the between subject's standard deviation ([@j_hukin-2019-0081_ref_023]). The ability of the test to detect small and meaningful performance changes was rated as good if SEM ≤ SWC, satisfactory when SEM = SWC, and marginal in case SEM ≥ SWC ([@j_hukin-2019-0081_ref_027]). The minimal detectable change (MDC95%) at the 95% confidence interval (CI) of the difference in the score between paired observations was determined as MDC95% = SEM × √2 × 1.96 ([@j_hukin-2019-0081_ref_035]). The stability of the reliability determination was quantified using the 95% limits of agreement method of [@j_hukin-2019-0081_ref_004]. Effect size (*dz*) was calculated using GPOWER software (Bonn FRG, Bonn University, Department of Psychology) ([@j_hukin-2019-0081_ref_018]). Association between TAIKT, WAnT, SJ, and CMJ performances was assessed using the Pearson correlation coefficient (*r*). The following criteria were adopted for the interpretation of the magnitude of the correlation: trivial (*r* \< 0.1), small (0.1 ≤ *r* \< 0.3), moderate (0.3 ≤ *r* \< 0.5), large (0.5 ≤ *r* \< 0.7), very large (0.7 ≤ *r* \< 0.9), nearly perfect (0.9 ≤ *r* \< 1) and perfect (*r* = 1) ([@j_hukin-2019-0081_ref_022]). Discriminant validity of the TAIKT was analysed using the receiver operator characteristics (ROC) curve ([@j_hukin-2019-0081_ref_015]; [@j_hukin-2019-0081_ref_028]) with analyses of the area under the curve (AUC). The ROC curve analysis determines the sensitivity and specificity of a tool to evaluate the ability of the different tests that can discriminate between individuals of different competitive levels. The cut-off value for a good discriminative ability is 0.70 ([@j_hukin-2019-0081_ref_015]; [@j_hukin-2019-0081_ref_028]). The significance level was set at *p* \< 0.05.

Results {#j_hukin-2019-0081_s_003}
=======

There were no significant differences between the test and retest with respect to the WAnT, SJ, and CMJ ([Table 2](#j_hukin-2019-0081_tab_002){ref-type="table"}).

###### 

Descriptive performances of taekwondo athletes, Student's t-test and mean differences for the test--retest complemented with reliability statistics of the WAnT, SJ and CMJ

                Variables                      Test              Retest            Mean difference ± standard deviation   *t*      *p*     ICC(95% CI)              SEM       SWC     MDC 95%
  ------------- ------------ ----------------- ----------------- ----------------- -------------------------------------- -------- ------- ------------------------ --------- ------- ---------
                             *W*               622.96 ± 188.63   622.48 ± 165.91   0.479 ± 66.961                         0.030    0.976   0.965 (0.906 to 0.987)   12.51 7   35.45   34.724
                P~peak~                                                                                                                                                               
                             *W·kg^-0.67^*     39.03 ± 9.02      39.09 ± 7.60      ˗0.062 ± 4.128                         ˗0.063   0.950   0.938 0.977(0.834 ) to   1.028     1.66    2.849
                             *W*               443.69 ± 122.89   443.32 ± 109.78   0.367 ± 27.240                         0.057    0.955   0.987 (0.965 to 0.995)   3.106     23.27   8.609
                P~mean~                                                                                                                                                               
  WAnT (n=18)                *W·kg^-0.67^*     27.83 ± 5.71      27.86 ± 4.72      ˗0.022 ± 1.737                         ˗0.054   0.957   0.973 0.990(0.928 ) to   0.285     1.04    0.791
                FI           *W·s^-1^*         11.57 ± 4.43      12.60 ± 3.47      ˗1.034 ± 3.071                         ˗1.429   0.171   0.817 0.931(0.524 ) to   1.314     0.79    3.641
                HR~pea\ k~   *bpm*             186.39 ± 9.88     185.72 ± 8.96     0.667 ± 9.101                          0.311    0.760   0.707 (0.199 to 0.891)   4.926     1.88    13.655
                RPE          *˗*               15.06 ± 1.26      15.22 ± 1.52      ˗0.167 ± 1.098                         ˗0.644   0.528   0.821 0.933(0.523 ) to   0.465     0.28    1.288
  SJ (n=16)     P~peak~      *W·kg^˗0.67^*     170.34 23.37 ±    171.55 24.70 ±    ˗1.203 ± 3.363                         ˗1.431   0.173   0.995 0.998(0.985 ) to   0.283     4.81    0.659
  CMJ (n=16)    P~peak~      *W·kg~-~^0.67^*   174.89 26.06 ±    179.02 26.30 ±    ˗4.128 ± 9.151                         ˗1.804   0.091   0.964 0.988(0.893 ) to   1.736     5.24    4.813

Values are presented as mean ± standard deviation. WAnT, 30-s Wingate anaerobic test; SJ, squat jump; CMJ, countermovement jump; P~peak~, peak power; P~mean~, mean power; FI, fatigue index; HR~peak~, peak heart rate; RPE, ratings of perceived exertion; t, Student's t; p, significations; ICC, intraclass-correlation coefficient; CI, confidence interval; SEM, standard error of measurement; SWC, smallest worthwhile change; MDC95%, minimal detectable change at 95% confidence interval

The relative and absolute reliability outcomes of the WAnT, SJ, and CMJ are displayed in [Table 2](#j_hukin-2019-0081_tab_002){ref-type="table"}. Excellent relative reliability (ICC \> 0.90) was observed for the WAnT, SJ, and CMJ. However, for FI~WAnT~, HR~peakWAnT~ and RPE~WAnT~, good relative reliability was shown (ICCs = 0.82, 0.71 and 0.82, respectively). The SEM values for all WAnT variables, the SJ and CMJ were low (\< 5%). The SWC values recorded for all tests were higher than the SEM. Nevertheless for FI~WAnT~, HR~peakWAnT~, and RPE~WAnT~ values were rated as marginal. The MDC95% limits of agreement were acceptable for most of the tests' variables ([Table 2](#j_hukin-2019-0081_tab_002){ref-type="table"}).

The other factors that supported the reliability of the WAnT, SJ, and CMJ were Bland-Altman plots ([@j_hukin-2019-0081_ref_004]), which showed excellent results of concordance in all variables ([Figure 1](#j_hukin-2019-0081_fig_001){ref-type="fig"}). The bias ± 95% limits of agreement for performance and physiological variables of the WAnT were 0.5 ± 66.96 for P~peakWAnT~ (W) ([Figure 1A);](#j_hukin-2019-0081_fig_001){ref-type="fig"} ˗0.1 ± 4.13 for P~peakWAnT~ (W·kg^-0.67^) ([Figure 1B);](#j_hukin-2019-0081_fig_001){ref-type="fig"} 0.4 ± 27.24 for P~meanWAnT~ (W) ([Figure 1C);](#j_hukin-2019-0081_fig_001){ref-type="fig"} 0.0 ± 1.74 for P~meanWAnT~ (W·kg^-0.67^) ([Figure 1D)](#j_hukin-2019-0081_fig_001){ref-type="fig"}, ˗1.0 ± 3.07 for FI~WAnT~ (W·s^-1^) ([Figure 1E)](#j_hukin-2019-0081_fig_001){ref-type="fig"}, 0.7 ± 9.10 for HR~peakWAnT~ (bpm) ([Figure 1F)](#j_hukin-2019-0081_fig_001){ref-type="fig"} and ˗0.2 ± 1.09 for RPE~WAnT~ ([Figure 1G)](#j_hukin-2019-0081_fig_001){ref-type="fig"}. The bias ± 95% limits of agreement for SJ and CMJ performances were ˗1.2 ± 3.36 ([Figure 1H)](#j_hukin-2019-0081_fig_001){ref-type="fig"} and ˗4.1 ± 9.15 ([Figure 1I)](#j_hukin-2019-0081_fig_001){ref-type="fig"}, respectively.

![Reliability analysis of the physical tests verified by Bland-Altman plots of the WAnT, SJ and CMJ test-retest\
(A): P~peak~ (W); (B): P~peak~ (W·kg^-0.67^); (C): P~mean~ (W); (D): P~mean~ (W·kg^-0.67^), (E): FI (W·s^-1^); (F):HR~peak~ (bpm); (G): RPE; (H): SJ; (I): CMJ. WAnT: 30-s Wingate anaerobic test; SJ: squat jump; CMJ: countermovement jump. Upper and lower horizontal dotted lines represent the limits of agreement (mean ± 1.96 SD of the difference between the test and retest).](hukin-71-229-g001){#j_hukin-2019-0081_fig_001}

The correlation coefficient (*r*), confidence interval (CI) and magnitude of the correlation between TAIKT, WAnT, SJ, and CMJ variables are shown in [Table 3](#j_hukin-2019-0081_tab_003){ref-type="table"}. Moderate-to-large correlation coefficients were observed between the TAIKT and the WAnT, SJ, and CMJ.

###### 

Pearson's correlation (r) of performances and physiological variables between the TAIKT and the WAnT, SJ and CMJ (n = 20)

                       P~peak~             P~mean~                                                                                                                  
  ------- ------------ ------------------- ------------------- ------------------- -------------------- ------------------- ------------------- ------------------- -------------------
  TAIKT   Mean ± SD    14.57 ± 6.20        0.91 ± 0.32         9.68 ± 4.43         0.60 ± 0.24          0.30 ± 0.11         188.85 ± 9.05       10.96 ± 1.59        13.80 ± 0.89
          Mean ± SD    618.66 ± 189.25     38.77 ± 8.92        440.02 ± 122.75     27.62 ± 5.61         11.52 ± 4.47        186.35 ± 9.55       11.05 ± 2.17        14.85 ± 1.66
  WAnT    95% CI *r*   0.66 0.31 to 0.85   0.47 0.03 to 0.75   0.62 0.24 to 0.83   0.43 ˗0.02 to 0.73   0.54 0.12 to 0.79   0.55 0.13 to 0.79   0.53 0.11 to 0.79   0.14 to 0.80 0.55
          Magnitude    Large               Moderate            Large               Moderate             Large               Large               Large               Large
          *p*          0.001               0.037               0.004               0.062                0.015               0.012               0.016               0.013
          Mean SD ±    ‒                   168.05 26.71 ±      ‒                   ‒                    ‒                   ‒                   ‒                   ‒
          *r*          ‒                   0.60                ‒                   ‒                    ‒                   ‒                   ‒                   ‒
  SJ      95% CI       ‒                   0.21 0.82 to        ‒                   ‒                    ‒                   ‒                   ‒                   ‒
          Magnitude    ‒                   Large               ‒                   ‒                    ‒                   ‒                   ‒                   ‒
          *p*          ‒                   0.006               ‒                   ‒                    ‒                   ‒                   ‒                   ‒
          Mean SD ±    ‒                   175.61 27.73 ±      ‒                   ‒                    ‒                   ‒                   ‒                   ‒
          *r*          ‒                   0.63                ‒                   ‒                    ‒                   ‒                   ‒                   ‒
  CMJ     95% CI       ‒                   0.25 0.84 to        ‒                   ‒                    ‒                   ‒                   ‒                   ‒
          Magnitude    ‒                   Large               ‒                   ‒                    ‒                   ‒                   ‒                   ‒
          *p*          ‒                   0.003               ‒                   ‒                    ‒                   ‒                   ‒                   ‒

*TAIKT, Taekwondo Anaerobic Intermittent Kick Test; WAnT, 30-s Wingate anaerobic test; SJ, squat jump; CMJ, countermovement jump; P~peak~, peak power; P~mean~, mean power; FI, fatigue index; HR~peak~, peak heart rate; \[La*־*\], lactate concentration; RPE, ratings of perceived exertion; SD, standard deviation; r, Pearson correlation coefficient; CI, confidence interval*.

The TAIKT sport-specific performance (P~peakTAIKT~, P~meanTAIKT~, and FI~TAIKT~), physiological (\[La־~TAIKT~\], HR~peakTAIKT~), and perceptual (RPE~TAIKT~) characteristics for elite and sub-elite taekwondo athletes are presented in [Table 4](#j_hukin-2019-0081_tab_004){ref-type="table"}. The unpaired sample *t*-test showed significantly higher TAIKT performance in elite compared to sub-elite taekwondo athletes. However, no significant between groups differences were observed for \[La־~TAIKT~\], HR~peakTAIKT~, and RPE~TAIKT~ ([Table 4](#j_hukin-2019-0081_tab_004){ref-type="table"}).

###### 

Comparison of performances, physiological and perceptual variables between elite and sub-elite taekwondo athletes during and after the TAIKT

  Variables   Elite (n = 10)   Sub-elite (n = 9)   Mean difference ± standard deviation   *t*              *p*      *dz*     
  ----------- ---------------- ------------------- -------------------------------------- ---------------- -------- -------- -------
              *W*              18.98 ± 5.06        10.72 ± 3.23                           8.260 ± 1.975    4.183    0.0006   ˗1.92
  P~peak~                                                                                                                    
              *W·kg^-0.67^*    1.14 ± 0.24         0.72 ± 0.21                            0.420 ± 0.102    4.119    0.0007   ˗1.86
              *W*              12.98 ± 3.30        6.83 ± 2.22                            6.147 ± 1.307    4.704    0.0002   ˗2.16
  P~mean~                                                                                                                    
              *W·kg^-0.67^*    0.78 ± 0.16         0.46 ± 0.15                            0.321 ± 0.072    4.466    0.0003   ˗2.06
  FI          *W·s^-1^*        0.36 ± 0.11         0.25 ± 0.09                            0.110 ± 0.045    2.423    0.027    ˗1.09
  HR~peak~    *bpm*            187.80 ± 7.87       192.22 ± 7.82                          ˗4.422 ± 3.606   ˗1.226   0.237    0.563
  \[La־\]     *mmol*⋅*l^-1^*   11.24 ± 1.61        10.84 ± 1.60                           0.396 ± 0.737    0.536    0.599    ˗0.25
  RPE         *˗*              13.60 ± 1.07        14.00 ± 0.71                           ˗0.400 ± 0.423   ˗0.946   0.357    0.436

Values are presented as mean ± standard deviation. TAIKT, Taekwondo Anaerobic Intermittent Kick Test; P~peak~, peak power; P~mean~, mean power; FI, fatigue index; HR~peak~, peak heart rate; \[La־\], lactate concentration; RPE, ratings of perceived exertion; t, Student's t; p, significance; dz, Effect size

The TAIKT was considered to have very good discriminant validity. The area under the ROC curve (AUC) was 0.93 (95%CI: 0.72--0.99, *p* \< 0.0001) for P~peakTAIKT~ (W) ([Figure 2A)](#j_hukin-2019-0081_fig_002){ref-type="fig"}, 0.94 (95%CI: 0.74--0.99, *p* \< 0.0001) for P~peakTAIKT~ (W⋅kg^-0.67^) ([Figure 2B)](#j_hukin-2019-0081_fig_002){ref-type="fig"}, 0.96 (95%CI: 0.75--0.99, *p* \< 0.0001) for P~meanTAIKT~ (W) ([Figure 2C)](#j_hukin-2019-0081_fig_002){ref-type="fig"} and 0.93 (95%CI: 0.72-- 0.99, *p* \< 0.0001) for P~meanTAIKT~ (W⋅kg^-0.67^) ([Figure 2D)](#j_hukin-2019-0081_fig_002){ref-type="fig"}. The AUC of FI~TAIKT~ was 0.79 (95%CI: 0.54-- 0.94, *p* = 0.0093) ([Figure 2E)](#j_hukin-2019-0081_fig_002){ref-type="fig"}.

![Receiver operating characteristics (ROC) curve for the TAIKT performances for elite and sub-elite taekwondo athletes\
TAIKT: Taekwondo Anaerobic Intermittent Kick Test; (A): P~peak~ (W); (B): P~peak~ (W·kg^-0.67^); (C): P~mean~ (W); (D): P~mean~ (W·kg^-0.67^), (E): FI (W·s^-1^).](hukin-71-229-g002){#j_hukin-2019-0081_fig_002}

Discussion {#j_hukin-2019-0081_s_004}
==========

The main purpose of the TAIKT is to assess the specific anaerobic power of taekwondo athletes while reproducing the intermittent effort exerted during taekwondo combat. It has previously been established that the TAIKT is a valid and reliable sport-specific test ([@j_hukin-2019-0081_ref_036]). The aims of the current research were (i) to examine absolute and relative reliability of the WAnT, SJ, and CMJ, validity of the TAIKT compared with the WAnT, SJ and CMJ tests, and (ii) to verify its ability to effectively distinguish (i.e., construct validity) between taekwondo athletes of different competitive levels (i.e., elite and sub-elite). The main findings showed that the WAnT, SJ, and CMJ presented good relative and absolute reliability among taekwondo athletes. Moreover, significant large correlations between the TAIKT and the WAnT, SJ, and CMJ were found. Thus, the TAIKT may be considered a sport-specific field test able to distinguish between elite and sub-elite Taekwondo athletes.

According to [@j_hukin-2019-0081_ref_025], reliability results are most often used to assess whether a physical fitness test protocol should be widely used. Against this background, reliability results from the current study showed that all WAnT, SJ, and CMJ performances, as well as physiological and perceptual variables, displayed almost excellent relative and absolute reliability. An excellent ICC was found (\>0.90) ([@j_hukin-2019-0081_ref_016]; [@j_hukin-2019-0081_ref_022]) in conjunction with a small SEM, in the variables determined from the WAnT, SJ and CMJ (i.e., absolute and relative P~peakWAnT~ and P~meanWAnT~, P~peakSJ~ and P~peakCMJ~), and good relative reliability for FI~WAnT~ (ICC = 0.82). In accordance with this last result, [@j_hukin-2019-0081_ref_016] reported that the FI was the least reliable of the three WAnT indices. Consequently, the authors claimed that P~peak~ and P~mean~ output of the WAnT were the main topics of most studies examining the reliability and validity of new field anaerobic tests. The same results were established at good absolute and relative levels for HR~peakWAnT~ (ICC = 0.71) and RPE~WAnT~ (ICC = 0.82). The ability to detect small performance changes supported by values of SWC was good, which presents an SWC value slightly above the SEM, with SEM far below the 5% limit, except for FI~WAnT~, HR~peakWAnT~, and RPE~WAnT~, which presented a SWC lower than SEM, and was rated as marginal ([@j_hukin-2019-0081_ref_027]). The minimal detectable change (MDC95%) of tests which represented the 95% CI of the difference in scores between paired observations was acceptable for most of the variables. One of the most important factors that supported the stability of the reliability of tests (i.e., WAnT, SJ, and CMJ) was the method of Bland and Altman plots, which presented excellent results of concordance in all variables. Indeed, [@j_hukin-2019-0081_ref_024] reported that this measure of absolute reliability was too stringent to determine whether a change in an individual's score was real or was an artefact of measurement error.

The WAnT is widely accepted as a valid \"Gold standard\" anaerobic test ([@j_hukin-2019-0081_ref_003]; [@j_hukin-2019-0081_ref_016]). It has been much more extensively used than any other anaerobic test ([@j_hukin-2019-0081_ref_016]). Findings of this study showed moderate-to-large correlation coefficients between the TAIKT and the WAnT in all performance (i.e., P~peak~, P~mean~, and FI), physiological (i.e., HR~peak~ and \[La־\]) and perceptual (i.e., RPE) variables. This correlation between the P~peak~ and P~mean~ values of both tests (i.e., TAIKT and WAnT) may provide useful estimates of anaerobic power relative to the TAIKT ([@j_hukin-2019-0081_ref_033]). In terms of physiological variables, evidence of the anaerobic nature of the TAIKT has been supported by the magnitude of the correlation coefficient (*r* = 0.53; *p* \< 0.05) between the TAIKT and the WAnT in \[La־\] values. Given the high \[La־\] recorded after the end of the TAIKT, it seems plausible to argue that anaerobic glycolysis dominated in provision of energy during the test ([@j_hukin-2019-0081_ref_005]). \[La־\] concentrations after the WAnT performance have not previously been reported in taekwondo athletes ([@j_hukin-2019-0081_ref_006]). Accordingly, \[La־\] values observed following the WAnT (11.05 ± 2.17 mmol⋅l^-1^) are comparable to those recorded following the TAIKT (10.8 ± 1.6 mmol⋅l^-1^). Additionally, \[La־\] values observed following the TAIKT are similar to the values recorded at the end of an official taekwondo combat ([@j_hukin-2019-0081_ref_007]; [@j_hukin-2019-0081_ref_029]). [@j_hukin-2019-0081_ref_005] confirmed that the significant rise of \[La־\] concentrations during competition indicated that the glycolytic pathway ([@j_hukin-2019-0081_ref_017]) was also important in Taekwondo bouts, especially during repetitive high-intensity actions (e.g., attack and counter-attack sequences). Furthermore, in the current study, a large significant correlation was observed in HR~peak~ between the two anaerobic tests (i.e., TAIKT and WAnT). HR~peakTAIKT~ (≈ 188 bpm) and HR~peakWAnT~ (≈ 187 bpm) were close the age-predicted maximal HR (≈ 90%). This result is in agreement with the study of [@j_hukin-2019-0081_ref_005], who claimed that HRs observed during 10-s and 1-min specific taekwondo exercises were about 91% and 92%, respectively, of HR~peak~ measured during simulated competition. Hence, the high HR~peakWAnT~ and \[La־ ~TAIKT~\] values clearly pointed to the maximal character of the TAIKT with similar values as those seen during taekwondo competition ([@j_hukin-2019-0081_ref_005]). In terms of internal load assessment, the subjective perception of effort (i.e., RPE) has been shown to be a valid approach to quantify effort's intensity during taekwondo training ([@j_hukin-2019-0081_ref_020], [@j_hukin-2019-0081_ref_021]; [@j_hukin-2019-0081_ref_030]) and competition ([@j_hukin-2019-0081_ref_007]; [@j_hukin-2019-0081_ref_020]; [@j_hukin-2019-0081_ref_029]). Findings of this study showed a large correlation (*r* = 0.55, *p* \< 0.05) between RPE values derived from the TAIKT and the WAnT.

As power and accuracy of each blow are crucial to effectively score (i.e., Protector Scoring System (PSS)) ([@j_hukin-2019-0081_ref_014]), the lower limb muscle power is a variable of interest to evaluate the muscular mechanical characteristics of taekwondo athletes ([@j_hukin-2019-0081_ref_031]). Once expressing TAIKT performance (i.e., P~peak~) allometrically (i.e., W·kg^-0.67^) ([@j_hukin-2019-0081_ref_010]), large correlation coefficients were observed with SJ (*r* = 0.60, *p* \< 0.01) and CMJ (*r* = 0.63, *p* \< 0.01) tests. Therefore, taekwondo athletes may benefit from the TAIKT as a valid field sport-specific test assessing anaerobic power, heavily reliant on explosive actions of the lower limbs as in taekwondo competition.

One of the most important objectives of this study was to evaluate the construct validity (sensitivity) of the TAIKT that is its ability to discriminate between taekwondo athletes of different competitive levels. Against this background, [@j_hukin-2019-0081_ref_025] suggested using the ROC approach to examine the discriminative power and the responsiveness of performance tests. Similarly to the recent study of [@j_hukin-2019-0081_ref_009] conducted with Tunisian elite taekwondo athletes, the ROC analysis was used to determine the ability of the TAIKT to discriminate between elite and sub-elite athletes. In this regard, significant differences between TAIKT's performances of elite and sub-elite athletes in favour of the elite were observed. The area under the ROC curve (AUC), which represents the probability of correctly discriminating between elite and sub-elite taekwondo athletes using the TAIKT ([@j_hukin-2019-0081_ref_015]; [@j_hukin-2019-0081_ref_028]) was \>0.90 for absolute and relative P~peakTAIKT~ and P~meanTAIKT~, respectively. These scores are considered very close to complete accuracy ([@j_hukin-2019-0081_ref_013]). The AUC of FI was 0.79, which is commonly considered to indicate good discriminative ability ([@j_hukin-2019-0081_ref_015]; [@j_hukin-2019-0081_ref_028]). The test's scores able to differentiate between elite and sub-elite taekwondo athletes are \>15.18 W and \>0.86 W·kg^-67^ for P~peakTAIKT~, \>9.59 W and \>0.59 W·kg^-67^ for P~meanTAIKT~, and \>0.32 W·s^-1^ for FI~TAIKT~. These cut-off values provide a true positive rate (sensitivity) range between 70% and 90% and a false positive rate (1₋specificity) range between 89% and 100%. In addition, with the results demonstrated in this study, coaches could use the TAIKT as an appropriate tool to distinguish between taekwondo athletes of various competitive levels. Nevertheless, no significant differences were found between elite and sub-elite taekwondo athletes in physiological (i.e., HR~peakTAIKT~ and \[La־~TAIKT~\]) and perceptual (i.e., RPE~TAIKT~) variables. This is in line with findings of [@j_hukin-2019-0081_ref_026] in Kung-fu practitioners and [@j_hukin-2019-0081_ref_008] in karate athletes. A limitation of the present study is that in the experiment the sample included two levels of elite athletes only (i.e., elite and sub-elite) and a limited number of female athletes (i.e., 5 females). Therefore, further studies are required to verify the validity and reliability of the TAIKT among taekwondo athletes of different age, gender and athletic level. Despite this limit, the present findings showed that the TAIKT is a sport-specific kicking test that may be a more specific and easy measure of anaerobic power among taekwondo athletes than the other previously proposed taekwondo tests. Furthermore, given that the TAIKT is a non-invasive, easy to perform and accessible test, it can be regularly used by coaches throughout the season to evaluate taekwondo athletes' sport-specific anaerobic performance (i.e., intermittent high-intensity power). In conclusion, the main outcomes of this study indicate that the TAIKT is a valid test characterized by a good ability to discriminate between elite and sub-elite taekwondo athletes. Most importantly, the internal training load outcomes indicate that TAIKT's activity could mirror Taekwondo combat effort.

The authors are grateful to all the participants of the Tunisian National Taekwondo Team for their valuable time and contribution. We thank Mr. Mohamed Ali Rouahi, Mr. Seifeddine Trabelsi and Mr. Anouar Jlassi for their help in the experimentation. This study was supported by The Research Laboratory "Sports Performance Optimization" National Center of Medicine and Science in Sports (CNMSS).
